The in vitro antioxidative activity of neopterin and its in vivo potency to suppress gastric ischemia were investigated. The scavenging activity of the reduced form of neopterin, 5,6,7,8-tetrahydroneopterin (NPH4), against superoxide anion radicals, showed an extremely high superoxide anion radical scavenging activity in two assay systems, i.e., hypoxanthine/xanthine oxidase (HPX/XOD) and rat macrophage/ phorbol myristate acetate (M4>/PMA) radical-generating systems. The antioxidative activities against both super oxideanion and hydroxyl radicals were confirmed by spin trapping-ESR spectrometry. In contrast, the oxidized form of neopterin (NP) did not show any activity in the HPX/XOD system, but was effective in the M4>/PMA system. These data suggest that NPH4 directly scavenges superoxide anion radicals, while NP suppresses the superoxide anion generation in macrophages through its inhibitory effect on the membrane NADPH-oxidase. Furthermore, NPH4 and NP effectively suppressed the formation of gastric injury induced by ischemia and reperfusion. These results suggest that neopterin play an important role as an endogenous antioxidant.
Introduction
Neopterin (NP) si an a-amino-hydroxypteridine derivative, and a precursor of biopterin (BP), which is derived from gunosine triphosphate (1) . It is now generally accepted that NP is released from monocytes/macrophages, that interferon-y (IFN-y), one of the immunomodulators produced by activated T cells, is the only inducer for NP secretion from macrophages (2, 3) , and that IFN-y augments the intracellular concentration of guanosine triphosphate as well as the conversion of it to NP (4) . Several biological roles of pteridines have been reported so far. Kaufman (5) showed that 5, 6,7,8-tettahydrobiopterin serves as a cofactor for mammalian aromatic amino acid monooxygenases, which h\'dro xylate phenyl-alanine, Pteridines/ Vol. 6 tyrosine, and tryptophan, and thus regulate the biosynthesis of neurotrnsmitters including dopamine, norepinephrine and serotonin. A tetrahydropteridine derivative is also reported to be cofactor for the enzymic oxidation of glyceryl ethers to alchohols (6) . Although the exact physiological functions of pteridines are still obscure, it hs been suggested that NP might act as an endogenous inhibitor of folate synthesis in view of the major role of IFN-y in the induction of antibacterial, anti-protozoal, and antifungal states in parasitized cells (7) . More recently, there have been many reports of significant elevation of urinary or serum pteridine levels in patients with vari0us malignant disorders, as well as in patients with viral diseases such as acquired immunodeficiency syndrome (8 -11) . and reperfusion was produced by removal of the clamps for 30 min. Neopterin and other scavengers dissolved in PBS (pH 7.6) were administered IV just before the clamps were applied and again just before the clamps were removed. The potency of these scavengers was determined by measuring the gastric mucosal lesions and 2-thiobarbituric acid-reactive substances (TBARS) concentration in the gastric mucosa.
Results and Discussion
The scavenging activities of pteridines including NP, NPH4, BP, BPH4, PT, and PTH4 for superoxide anion radical was determined by using two anion radical-generating systems, i.e., HPX/ XOD-and rat M«P/PMA-reaction system. As shown in Table 1 , the reduced forms of pteridnes, i.e., NPH4, BPH4, and PTH4, showed a significantly strong scavenging activity with the lC so of 0.30-0.55 ).lM in both assay systems. On the other hand, the oxidized forms such as NP, BP and PT showed strong activity in the M«P/PMA system, but not in the HPX/XOD system. The differences of the lC so of pteridines obtained from these assays suggest that the reduced forms directly react with superoxide anion radical released in the HPX/XOD and M«P/PMA-reaction systems, whereas the oxidized forms act on macrophages to decrease the generation of superoxide anion radicals . The direct scavenging activities of the reduced forms against active oxygen radicals were confirmed by spin trapping-ESR spectrometry. The reduced forms of these pteridines significantly scavenged both superoxide anion radical and hydroxyl radical. We further estimated the scavenging capacity or reduced forms of pteridine based on the reactivity of NPH4 with 1,1-diphenyl-2-picrylhydrazyl (DPPH), suggesting that four mol of DPPH react with one mol of the reduced forms of pteridine. However, it was found that the oxidized forms of pteridines suppresses the superoxide generation in macrophages through the competitive inhibition of the membrane NDAPH-oxidase from the inhibitory effect of NP on NADPH-dependent supperoxide-generating oxidase of rat peritonel macrophages. These results are consitent with the speculation that pteridines play important roles as endogenous SOD like substances, scavenging for the superoxide anion radical. Upon stimulus such as viral infection, activated macrophages produce active oxygen species for defense, but large amounts of active oxygen species can sometimes cause serious cell/tissue injuries . Thus, it would not be surprising if macrophages produced SOD like substances to protect themselves . Actie oxgen species have been suggested to be involved in various disorders such as inflammation, carcinogenesis, aging, and other processes (15) . Much interest has also been focused on the cytotoxic effects of active oxygen radicals in ischemia-induced gastric mucosal injury (16) . Active oxygen radical scavengers such as suproxide dismutase (SOD) have been shown to significantly attenuate gastric mucosal ffiJury associated with ischemia and reperfusion. Allopurinol, a XOD inhibitor, also reduces reperfusion injury in the stomach, mostly suggesting that molecular oxygen reacts with HPX and XOD to produce highly active oxygen radicals, reacts with HPX and XOD to produce highly active oxygen radicls, resulting in the induction of gastric mucosal injury. Another potential source of these radicals is though to be activated neutrophils. Involvement of neutrophils in ischemia reperfusion has been reported in the stomach ( 17) as well as the heart (18). In both cases, ischemia reperfusion results in a dramatic increase in neutrophil infiltration and these activated neutrophils release large amounts of active oxygen radicals, which cause the acute tissue injury.
We have already shown that NPH4 directly reacts with superoxide anion radicals released in M«P/P.MA, and NP also has a considerable scavenging activity in this reaction system. Based on these findings, the in vivo suppressive efficacy of both NPH4 and NP on the ischemia and reperfusion gastric mucosal injury is anticipated. As shown in Table 2 , the reduced form and the oxidized form of neopterin both significantly suppressed the increase of the gastric mucosal injury. In particular, the potency of NPH4 was similar to those of superoxide dismutase plus catalase and allopurinol. These results suggest that pteridines may play important roles as endogenous antioxidant via the direct scavenging of superoxide anion ·radicals by NPH 4 or the suppressive efficacy of NP on the process of superoxide aruon radical production in phagocytes.
